Background: The UK's Eatwell plate is consumer based advice recommending the proportions of
Introduction
The relationship between diet and health is complex, and the dietary factors associated with risk of developing, and protection from, many diseases are multiple, such as intakes of vegetables, fish, whole grains, alcohol and a Mediterranean style diet in the prevention of coronary heart disease (1) .
National guidelines, such as the United Kingdom's Dietary Reference Values (2) , have been developed from scientific evidence and recommend minimum and maximum average daily intakes of different nutrients to prevent develop of diseases. In-as-much as they do, consumers probably tend to think of their diet in terms of meals and foods rather than nutrients, and may have difficulty in translating nutrient-based recommendations into food-based amounts. In an attempt to overcome this, several countries have translated their national dietary targets into food-based visual representations, which suggest the proportions of food groups contributing to a healthy diet (3) .
Recently the United States Department of Agriculture Human Nutrition Information Service replaced their pyramid format with a plate format, "MyPlate" (4) , depicting food recommendations based on the Dietary Guidelines for Americans. Other countries have also adopted a plate format for food based dietary recommendations, including Australia (5) , India (6) , Finland (7) and the UK (8) .
In the UK, "The Balance of Good Health" (9) was developed with the aim of representing nutrient intake information in a picture format (the Eatwell plate) to make dietary recommendations easier for consumers to understand. The Eatwell Plate is a pie-chart diagram consisting of five food group segments, the proportions of which are based on the dietary reference values for the population (10) .
The five groups being: 1. bread, rice, potatoes, pasta and other starchy foods (starchy, which should make up around 33% of the diet), 2. fruit and vegetables (F&V, 33%), 3. milk and dairy foods (dairy, 15%), 4. meat, fish, eggs, beans and other non-dairy sources of protein (protein, 12%) and 5.
foods and drinks that are high in fat or sugar, or both (HFHS, 8%) (8) . The segments are based on the weight of the food (11) and do not include frequency of servings or portion size, although additional guidance including eating five portion of fruits and vegetables a day, and two portions of fish a week (one of which should be oily) are part of wider government healthy eating messages. As many manufactured, and homemade, dishes typically comprise ingredients from several food groups (composite foods), consumers "…need to identify the main food items or ingredients in combination foods and think about how these fit with the proportions shown in the Eatwell Plate" (10) . Pizza, for example, is made up from the starchy food group (the base), the F&V group (tomato sauce), the dairy group (cheese) and possibly the protein group depending on the topping.
Failing to do so will distort the contributions of the food groups, potentially over-estimating meat intake and under-estimating fruit and vegetables (12; 13) . The need to consider the proportions of composite dishes and manufactured ready meals is likely to present a difficulty for most consumers, which is a an important issue considering an estimated 3.9 million people in the UK ate ready meals at least twice a week in 2013 (14) .
Neither the Eatwell Plate or its forerunner the Balance of Good Health were intended as a comprehensive research tool to assess diet quality, but rather were intended to be used as guides for consumers using representative examples of foods to assist healthy food choices. The Eatwell plate has, however, been used by researchers as a reference to which the diets of different populations can be compared (15; 16; 17) , for grouping foods in modelling the effects of increasing food prices on diet quality (18) , and for designing "ideal" diets (19; 20) . Furthermore, the ability to provide individuals with feedback on their diet, and how well it compares to the recommendations behind the Eatwell plate may be an additional health promotion use. All of these rely on being able to translate dietary intake data, however measured, into Eatwell plate proportions. This is can be a complex process as there appears to be little published information on the disaggregation of composite foods into the Eatwell plate segments. Many of these issues are not unique to the UK's Eatwell plate but apply also to other countries' plate or pyramid based dietary recommendations, although the USDA's
MyPlate has information on portion sizes that are lacking in the Eatwell plate (21) .
The primary aim of this study was to compare the diets of adults in Scotland to the Eatwell plate proportions. The secondary aim to identify the challenges involved in estimating the Eatwell plate proportions from weighed food diaries.
Materials and methods

Study design and subjects
Dietary data were taken from two existing datasets; 115 men and 125 women from a residential study ostensibly examining the relationships between diet and lifestyle (22) . A further 36 men and 36
women from a snacking intervention study (23) . Dietary data from both studies were taken from the baseline data collection when subjects were consuming their normal diet. Subjects were recruited from Aberdeen, Scotland by advertisements, and data collection took place between 1998 and 2001.
Ethical approval for the original studies was approved by the Joint Ethical Committee of the Grampian Health Board and the University of Aberdeen.
Anthropometry
In both studies, height was measured by the investigator using a stadiometer (Holtain Ltd, Crymych, Dyfed, UK), and body weight by the investigator using calibrated scales (DIGI DS-410;
CMS Weighing Equipment, London, UK), and corrected to nude. Body Mass Index (BMI) was calculated as weight (kg) / (height (m) * height (m)). Basal Metabolic Rate (BMR) was estimated using the equations of Schofield (24) .
Food diaries
Participants completed weighed food records for four, six or seven days following a standard protocol (25) . Food records were analyzed using Diet5 for Windows (Univation Ltd., Robert Gordon University, Aberdeen, Scotland), which uses U.K. food composition data (26) to calculate nutrient composition. Mean daily energy intakes were calculated.
Eatwell Plate proportions.
Foods shown in the Eatwell plate (8) suggest that the proportions are based on raw foods, or as purchased. Recommendations for nutrients, however, are for food as eaten and would relate to amounts, or weights, of foods after allowing for cooking weight changes and food preparation losses. The UK Dietary Reference Values (2) are given for intakes, and although not specifically a part of the Eatwell plate, the recommended maximum amount of red meat of 70g/day is based on cooked weight (27) . Some foods, and especially recipe components, were recorded by subjects as raw weights. These were converted to "as eaten" by adjusting for weight changes during cooking (e.g. weight increase on cooking of rice), and for food preparation waste (e.g. banana skins) using an edible portion conversion factor (26) and cooking weight changes where foods were recorded as their raw, uncooked or unprepared form (28) .
Many foods clearly belonged to just one food group in the Eatwell plate, such as apples to the F&V group, chocolate confectionery to the HFHS group, and bread and boiled potatoes to the starchy group. For composite foods it was less clear. There is little published information or guidance detailing to which of the five Eatwell food groups composite, or indeed many, foods belong. To allow the contribution of composite dishes and foods to be distributed across the five Eatwell plate food groups, five factors representing the proportion of the food in the composite dishes that was allocated to each of the groups were estimated. These factors were used subsequently in calculating the Eatwell plate proportions of the total diet. For composite dishes and foods the individual factors representing the food group proportions were estimated using representative recipes from food composition tables (26) , from similar foods and dishes, or from internet sources. As an example, the Eatwell Plate proportions for macaroni cheese were calculated as 39% starchy (macaroni and flour), 58% dairy (milk and cheese) and 3% HFHS (margarine). Estimates from the list of ingredients were used where a suitable recipe could not be found. Alcoholic drinks and miscellaneous food such as sauces, pickles, tea and coffee are not included in the Eatwell Plate and are assigned to a sixth group (miscellaneous) for completeness but were not included in these analyses.
As recommended, weights of liquids such as milk, fruit juices and soups were halved because of their high water content (and therefore weight), which would have a disproportionate effect on the Eatwell plate proportions (11) . Similarly, following existing recommendations, sugar sweetened soft drinks were included as their sugar content only, and assigned to the HFHS group (11) . The Eatwell Plate proportions calculated here represented the proportions of foods in the form in which they would be consumed, and after adjustment of the weights of milk, soups and beverages. To assess the effects of disaggregation, Eatwell plate amounts and proportions were also calculated without applying the disaggregation factors, by assigning each composite food to single Eatwell food group as described elsewhere (15) . The total weight of meat based dishes were considered to belong to the protein food group, for example.
Analysis
Student's t-tests were used to test for differences between the amounts and proportions of the Eatwell Plate food groups as calculated with and without the disaggregation of composite foods. Ttests were also used to test for differences between the Eatwell Plate proportions of subjects' diets and the Eatwell Plate recommended proportions. All analyses were carried out using SPSS Statistics package, version 20.0.0 (SPSS/IBM, Armonk, New York, NY).
Results
Mean (SD) subject characteristics were: age 41 (12) 
Discussion
This study is, as far as we are aware, the first to report the Eatwell Plate proportions of the diets of adults in Scotland, and to describe the necessary assumptions and methodologies in calculating the Eatwell Plate proportions from weighed food records.
The Eatwell plate proportions in the current study, calculated from the disaggregated composite foods, are similar to those estimated by us from the UK wide National Diet and Nutrition Survey (15) . The major differences being the higher contribution of fruits and vegetables and lower contribution of the protein food group in the Scottish sample (30% vs. 23% and 13% vs. 22% respectively). These differences are at least partly due to a difference in how the dietary data were analysed as it was not possible to disaggregate the amount of meat from the composite dishes in the 2000/2001 National Diet and Nutrition Survey. The most recent National Diet and Nutrition Survey rolling programme shows that failure to disaggregate composite dishes results in an overestimation of the amount of meat (protein Eatwell food group) in the diets (12) and an underestimation of the amounts of vegetables (15) .
The main challenge was dealing with composite dishes where the ingredients contribute to several of the Eatwell plate segments, and the lack of clarity for where some food should be placed, e.g.
whether cream should be considered a dairy product or a high-fat food. As this study illustrates, misclassification of foods or not disaggregating composite food makes a significant difference in the Eatwell proportions, affecting all but the dairy food group.
One of the methodological issues was the classification of F&V in the Eatwell plate compared with the recommended five portions a day. The weight of the F&V food group, and therefore the contribution to the Eatwell plate proportions, was higher than expected, and higher than reported elsewhere (29) . Barton and Wrieden (29) reported 259g/d for estimated intakes of fruits and vegetables in 2001 (compared to 419g/d in the current study) using data from the Living Costs and Food Survey. A similar value of around three portions (240g) per day was reported for adults in the Scottish Health Survey (30) .
Fruit juices and smoothies currently contribute towards the five-a-day recommendations for fruit and vegetables intakes, but only up to a maximum of one portion per day, or two portions per day for some fruit smoothies. The Eatwell plate method does not, however, limit the contribution of these foods to the F&V food group, other than halving the weight of fruit juices. For this reason the weight of fruits and vegetables eaten as reported in the current study is likely to be higher than if calculated using the five-a-day method. However, the overestimate will be partly balanced by a lower contribution from pluses and beans that contribute to five-a-day intakes of fruits and vegetables but are assigned to the protein food group of the Eatwell plate. Recalculating F&V intakes using the five-a-day method resulted in a mean F&V intake of 377g per person per daywhich is still higher than reported elsewhere.
The Eatwell plate is designed to illustrate a healthy diet, but not all food and drinks are included.
Alcoholic drinks and miscellaneous food such as sauces, pickles, tea and coffee are not included.
Many of these make only minor contributions to the diet (at least for energy, nutrients -especially salt and sugars -and weight), but beverages have a high water content, and therefore weight. The
Eatwell Plate is represented as proportions of the diet, and as the proportion of one group increases the proportions of the other groups will necessarily decrease. It does not take account of the amount of food consumed, therefore increasing F&V intakes, for example, will reduce the proportion of all of the other food groups -but not as a result of a reduction in consumption of these food groups.
This is simply a consequence of expressing food or nutrient intakes as percentages or proportions (31; 32) .
Foods shown in Eatwell Plate were chosen because they were consistent with the key characteristics of each of the segments (11) . The number of foods illustrated in the Eatwell plate has increased to show important alternative foods, such as soya milk as an alternative to dairy milk, and the recently published guide to the Eatwell plate lists additional foods that fit into each of the segments (33) . The assignment of some foods to the relevant segment requires some consideration as they can appear contrary to beliefs about healthy eating. Sausages and beef burgers can have relatively high fat contents, but are included in the protein segment (33) because they also meet the key characteristics of the protein group, being major sources of protein, B vitamins, iron and other minerals (11) . Other products, for which there is no guidance such as pâté, which can have a considerably higher fat content than sausages, will need consideration about the segment to which they belong to be consistent with the principle of the Eatwell plate. Additional advice on meat and meat products includes "… not to eat too many sausages, meat pies and salami, because these are often high in fat" (33) , to choose leaner cuts of meat, and to limit the consumption of red and processed meat to 70g a day.
Not all dairy products are included in the milk and dairy segment of the plate; butter, cream and icecream are included in the HFHS segment because they are considered to be mainly sources of fat and energy (11) . This could be confusing for many consumers as these are often seen as dairy products. For some dairy foods the distinction is less clear, such as full-fat, sugar-sweetened yogurts, where the cut-point between the HFHS and dairy groups is not objectively defined, or subjectively obvious. Thus, higher-fat foods are assigned differently depending on their composition, their other nutritional properties, the way they tend to be consumed, and subjective judgement, rather than their fat content per se. Composite foods (e.g. sandwiches) present further classification problems, and there is less guidance on these.
The Eatwell plate is based on a food grouping system and composite foods do not fit directly into this (11) . Consumers need to estimate the relative contribution of foods that contribute to composite dishes (11; 33) . Whether consumers are able to do this sufficiently well does not appear to have been evaluated, despite the need for this being suggested previously (11) . It is also difficult to know the degree of disaggregation that is appropriate. Lasagne, for example, contains portions of the starchy (pasta), F&V (tomato sauce), dairy (cheese and white sauce) and protein (meat) groups. But it could also be considered as having some HFHS foods if a white sauce is also disaggregated. One compromise for including composite foods into the Eatwell Plate might be to include additional guidance, as has been done for choosing lower-fat alternatives of foods, with average proportions of a few representative composite foods. Ideally several different values would need to be calculated or estimated for different versions of foods -possibly one for homemade dishes and one for manufactured dishes. Alternatively, average values could be used for different groups of products, although the effects of such assumptions would need to be evaluated.
Foods in the National Diet and Nutrition Survey have been disaggregated to an extent, in that only five food components were used: meat, fish, vegetables, fruit and cheese (34) resulting in some of the weight of composite foods being unaccounted for. Corned beef hash, for example, is disaggregated to 30% of the processed red meat component, but the remaining 70% (potatoes) is unaccounted for.
There are also some differences in the food categories; beans and pulses are included in the vegetable component of the National Diet and Nutrition Survey, but categorized to the protein food group of the Eatwell plate. Consequently, the disaggregation factors derived for the National Diet and Nutrition Survey database are not ideally suited for estimating Eatwell plate proportions.
The composition of the UK's diet has changed since the development work that led to the Eatwell Plate was done in the 1990s. The UK market for ready meals has grown considerably, with the biggest increase being in the chilled ready meals market (35) . These may have different compositions to frozen ready meals. The Eatwell Plate needs to be updated to reflect these changes in food availability and supply.
Limitations
An aim of this study was to compare the diets of adults in Scotland against the recommended Eatwell Plate proportions. Data used for these analyses were collected between 1998 and 2001 and there have been changes in the foods that we eat and their contribution to the diet over the last 15 years, such as an increase in the amounts of ready meals consumed (35) . However, some changes in the average diet since 2001 appear to have been small, such as a small increase in the amount of fruit and vegetables eaten (36) . Participants in both of the original studies had volunteered to take part in nutritional research and may therefore not be representative of the Scottish population.
Average self-reported energy intake relative to estimated energy requirement for the group was higher than is usually reported (37; 38) , and intakes of fruit and vegetables appear to be higher than found elsewhere, which would increase the apparent proportion of the F&V food group and decrease the proportions of the other food groups. Food group proportions of composite foods were estimated from matching to similar foods or recipes from food composition tables, and there will have been some errors introduced in the matching of foods. In addition recipes in the latest version of the food composition tables have recently been updated (39) . However, none of these changes are likely to have had an impact on the secondary aim of the study, which was to identify the methodological issues of estimating Eatwell Plate proportions.
Conclusions
The present study suggests that it is possible to estimate Eatwell plate proportions of diets from weighed food records, but that methodological issues in assigning foods to Eatwell food groups, and in disaggregating composite foods make this complex. The research suggests several areas in which standardization of the method would be beneficial, and areas for future research.
• A comprehensive published list of foods and beverages, such as those included the UK composition of foods tables, allocated to their respective Eatwell plate segments.
• A published list of the disaggregation factors for common composite foods and dishes.
• A standardized protocol for disaggregating composite foods and estimating their Eatwell plate proportions.
• Guidelines need to be drawn up to update the Eatwell Plate to accommodate convenience foods, ready meals and composite dishes.
• Development of a simplified dietary assessment tool that is user-friendly, and requires minimal nutritional knowledge, that would enable consumers to estimate the Eatwell plate proportions of their diet.
• Research to evaluate whether consumers are sufficiently able to disaggregate composite foods. 
